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Abstract : We investigated the fuel characteristics of five important 
bamboo species viz., Dendrocalamus strictus , D. brandisii, D. stocksii, 
B ambus a bambos and B. balcooa. The selected species cover more than 
85% of the total growing stock of bamboo in India. Basic density varied 
from 0.48 to 0.78 g-cm' 3 among the bamboo species studied. Ash content, 
volatile matter content and fixed carbon content ranged between 
1.4%—3.0%, 77.2%-80.8% and 17.6%—21.1%, respectively. Variation in 
calorific value (18.7-19.6 MJ-kg' 1 ) was marginal. Fuel value index var¬ 
ied widely (586-2120) among bamboo species. The highest calorific 
value (19.6 MJ-kg' 1 ) and fuel value index (2120) were found in B. bal¬ 
cooa. Ash elemental analysis revealed that silica and potassium are the 
major ash forming minerals in bamboo biomass. Silica content ranged 
from 8.7% to 49.0%, while potassium ranged from 20.6% to 69.8%. We 
studied combustion characteristics under oxidizing atmosphere. Burning 
profiles of the samples were derived by applying the derivative thermo- 
gravimetric technique which is discussed in detail. The five bamboo 
species were different in their combustion behaviour, mainly due to 
differences in physical and chemical properties. We compare fuel prop¬ 
erties, ash elemental analysis and combustion characteristics of bamboo 
biomass with wood biomass of Eucalyptus hybrid (Eucalyptus tereticor- 
nis x Eucalyptus camaldulensis ). 

Keywords: bamboo, calorific value, ash, burning profile, Thermogra- 
vimetric analysis 

Introduction 

Rapid industrialization, growing population and changing life 
styles have increased the demand for energy over recent decades. 
Global energy consumption in 2011 was 550 exajoules of which 


The online version is available at http:// www.springerlink.com 
Ritesh Kumar (EJ), N. Chandrashekar 

Institute of Wood Science and Technology, 18th Cross, Malleswaram, 
Bangalore - 560003, India. 

E-mail: ritesh@icfre.org; riteshdavid@gmail.com 


around 90% was met by fossil fuels (IEA 2012). This demand is 
expected to grow an additional 50 percent by 2030, mostly due to 
increasing demand for energy in the developing countries like 
China, India and Brazil. The increasing demand for energy, de¬ 
pleting fossil fuel reserves and associated environmental con¬ 
cerns has necessitated production of heat and energy from alter¬ 
native renewable resources. 

Biomass, in its various forms, has been recognized as useful 
and cost effective alternative renewable energy source. It can be 
easily converted into high energy content fuels through 
thermo-chemical and bio-chemical conversion processes (Peter 
2002a). Thermo-chemically, biomass can be converted into fuel 
by combustion, pyrolysis, gasification and liquefaction processes. 
Bio-chemical methods of converting biomass into fuel include 
digestion (biogas production) and fermentation (ethanol produc¬ 
tion). Consequently, biomass is drawing global interest as a re¬ 
newable feedstock for energy production. Biomass fuels are 
preferred for reducing C0 2 emissions and reducing dependency 
on fossil fuel (Sims 2003; Villeneuve et al. 2012). Presently, 
biomass is contributing around 14% of total world’s energy sup¬ 
ply, second only to coal, oil, and natural gas (Asif and Muneer 
2007). Many industrialized nations have already included bio¬ 
mass under competitive energy dynamics. Malaysia has imple¬ 
mented a five fuel policy plan where 5% of the total energy re¬ 
quirement is presently supplied from renewable sources, in¬ 
creasing to 35% by 2030 (Johari et al. 2012). UK plans to gener¬ 
ate 10% of national electricity (60 GW) per year from renewable 
sources, of which biomass will form a significant part (Demirbas 
et al. 2009). 

Several types of biomass are used as energy feedstocks (Sims 
et al. 2006). Among them, bamboo is known as potential raw 
material for future bioenergy programs (Chen 2012; Scurlock et 
al. 2000). Bamboo forests cover approximately 22 xlO 6 ha 
worldwide of which 13.96 xl0 6 ha are in India (FSI 2011). The 
total growing stock of bamboo in India is around 180 xl0 6 tons, 
including bamboo grown in forested and non-forested areas. The 
estimated annual harvest of the bamboo in the country is around 
13.5 xl0 9 tons (FSI 2011). Bamboo produces more biomass per 
hectare than wood and has potential to be used as substitute for 
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wood in many ways (Singh 2008). Bamboo provides an alterna¬ 
tive to wood for energy production, thus reduces pressure on 
existing forests. Its fast growth, short rotation period and adapta¬ 
bility in varied soil and climatic conditions assure its long-term 
benefits as sustainable energy feedstock (Kleinhenz and Mid- 
more 2001). Utilization of bamboo for power production is 
achieving success in many countries (INBAR 2012). Bamboo 
produces excellent charcoal for domestic purpose as well as fuel 
for gasifiers (Saikia et al. 2007). In India, many northeastern 
states like Assam, Manipur and Mizoram are establishing bam¬ 
boo based power plants for electricity production. 

The choice of energy conversion process is significantly af¬ 
fected by the type and quality of biomass feedstock (Peter 
2002b). The nature of the biomass resource must meet the tech¬ 
nical requirements of energy conversion devices. Therefore, 
knowledge of physical, chemical and elemental nature of the 
feedstock is vital. It is equally important to evaluate the thermal 
behavior of feedstocks in oxidizing atmosphere. Such studies 
help in effective utilization of raw material for energy production 
through thermochemical or biochemical conversion processes. In 
this paper we describe fuel properties (calorific value, ash, vola¬ 
tile and fixed carbon content) and combustion characteristics of 
five bamboo species, viz. Dendrocalamus strictus , D. brandisii , 
D. stocksii , B ambus a bambos and B. balcooa. We quantify the 
physical, chemical and elemental properties of these bamboo 
species. Burning profiles of the samples were obtained by ap¬ 
plying the derivative thermogravimetric technique. Our results 
have implications for utilizing these bamboo species for energy 
production. 


Materials and methods 

Mature culms (3-5 years) of D. strictus and D. brandisii, were 
obtained from the College of Forestry, Ponampet, Karnataka 
while the culms of D. stocksii, B.bambos and B. balcooa were 
obtained from Shimoga Forest Division of Karnataka, India. At 
least three culms of each species were harvested for experiments. 
The green bamboo culms were initially converted into thin strips 
and oven-dried at 102 °C. The oven dried strips were pulverized 
to fine powder using a Wiley mill. The pulverized material was 
then placed in a sieve shaker, to pass through 425 pm mesh sieve 
but retained on 250 pm mesh sieve. The powder thus obtained 
was again oven dried and used for further analysis. The fuel 
properties of bamboo were compared with the wood of 20 year 
old Eucalyptus Hybrid (Eucalyptus tereticornis x Eucalyptus 
camaldulensis) tree. The values of fuel properties analysis i.e., 
elemental analysis, proximate analysis, basic density and calo¬ 
rific value of E. hybrid were used from our earlier work (Kumar 
et al. 2010). 


assessment of moisture content, green density and basic density. 
Sample blocks for study were obtained from the middle portion 
of the internodes. We recorded initial green (wet) weight (W g ) 
and final oven-dry weights (W 0 ) of samples. Moisture content 
(M c ) was determined using Eq. 1 (Chauhan and Walker 2004). 



(Wg-Wo) 


x 100 


Wo 



The blocks were measured for volume in green condition using 
the mercury displacement method (Chauhan and Walker 2004). 
These blocks were then oven dried at (103±2)°C until they 
achieved constant mass. Basic density ( B D ) was determined 
using Eq. 2. 

B D =W OD !V g (2) 


where, W 0 d is the oven-dry biomass and V g is the green volume 
of biomass. For green density the ratio of green weight/green 
volume was used (Chauhan and Walker 2004). 

Estimation of lignin and holocellulose content 

The powdered bamboo sample was subjected to soxhlet extrac¬ 
tion for 8 hours using a mixture of ethanol-benzene, 1:2 (v/v) 
(TAPPI, T204 om-88) (Bodirlau et al. 2008). The samples ob¬ 
tained after solvent extraction were further rinsed under hot wa¬ 
ter to remove water soluble extractives. The extractive-free sam¬ 
ple thus obtained was oven dried to constant weight at 80°C and 
used for chemical analysis. The determination of lignin content 
was carried out by digesting extractive-free bamboo samples 
with 72% sulfuric acid for 2 hours (TAPPI, T222 om-88) (Dence 
1992). The holocellulose content was determined using a stan¬ 
dard method (Timell et al. 1959). 

Calorific value (MJ kg 1 ) and fuel value index 


The powdered bamboo sample was pelleted, oven dried to con¬ 
stant weight at 80 °C and burned in an oxygen bomb calorimeter 
(LECO AC-350) to estimate the calorific value (C v ). Fuel value 
index (F VI ) was calculated as described by Jain (1993). 



c v x G d 

A c x M c 



where, C v is the calorific value (kJ-g 1 ), A c is ash content (g g 1 ), 
Mq is moisture content (g g 1 ) and G D is the green density (g-cm 3 ) 
of biomass. 


Proximate analysis and elemental analysis 


Estimation of moisture content, green density and basic density 
The freshly cut water-saturated samples were used for 
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Ash and volatile matter were determined according to ASTM 
D5142, using a proximate analyzer (LECO TGA-701). The 
elemental parameters (carbon, hydrogen, nitrogen, sulfur) were 
determined using a CHN analyzer (LECO- CHN-2000). Percent 
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oxygen was calculated by subtracting the sum of percent of C, H, 
N, S and ash from 100%. The fixed carbon content (FCC) of the 
sample was estimated using the following equation: 

Fcc(%) = [100- (%A C + %V C )] (4) 


bient temperature to 800 °C at a heating rate of 10 °C per min. 
The air flow rate (60 mL-min" ! ) was kept uniform during the 
experiment. General guidelines of ASTM D 3850 were followed. 
The burning profiles of the samples were derived by applying the 
derivative thermogravimetry technique. 


where, A c is ash content and V c is the volatile content of biomass. 
In order to overcome experimental and instrumental errors, ex¬ 
periments were repeated four times and average values were 
calculated. 

Ash elemental analysis 

The elemental composition of ash was determined using Energy 
Dispersive X-ray Analysis (EDAX) attached to a scanning elec¬ 
tron microscope (SEM). The ash samples were finely ground, 
oven dried and used as pellets for analysis. The results were ob¬ 
tained as elemental oxides. The average of values determined at 
five different areas of the samples are reported. 

Thermogravimetric analysis (TGA) 

The combustion characteristic of all five bamboo species and E. 
hybrid was studied under air atmosphere (21% oxygen and 79% 
nitrogen). Thermo-gravimetric analysis (TGA) was carried out 
using TGA Q500 V20.2. A known quantity of powdered sample 
(10 mg) was placed in a platinum crucible and heated from am- 


Results and discussion 

Fuel properties 

Physical and chemical properties 

The basic density of selected bamboo species varied from 0.48 to 
0.78 g em' 3 (Table 1). Green density also varied from 0.9 to 1.1 
g-cm" 3 . Highest basic density was recorded for D. stocksii (0.78 
g-cm" 3 ), which was even higher then the basic density of 20 year 
old E. hybrid tree (0.73 g-cm' 3 ). The basic density of D. strictus 
(0.48 g-cm' 3 ) was lowest of five bamboo species. Biomass hav¬ 
ing higher density is preferred as fuel due to its high energy con¬ 
tent per unit volume. 

The chemical composition of bamboo is similar to that of 
wood. Cellulose, hemicellulose and lignin form most of bamboo 
biomass, while minor constituents are resins, tannins, waxes and 
inorganic salts (Fujii et al. 1993). There was marginal variation 
in holocellulose and lignin content (Table 1). The lignin content 
(25%) was highest in D. stocksii and lowest in D. brandisii 
( 22 %). 


Table 1: Fuelwood characteristics of selected bamboo species 


Name of 

species 


Ultimate analysis (%) 


Proximate analysis (%) 

BD 

MC 

GD 

CV 

Holocellulose 

Lignin 


C 

H 

N 

S 

O* 

Ash 

VMC 

FCC 

(g-cm' 3 ) 

(%) 

g-cm' 3 

(MJ-kg' 1 ) 

(% oven dry 

weight) 

(%, oven dry 

weight) 

FVI 

D. strictus 

46.7 

6.2 

0.14 

0.02 

43.9 

3.0 

79.7 

17.6 

0.48 

99.9 

1.1 

18.8 

74.2 

23.5 

586 

D. brandisii 

46.9 

5.9 

0.16 

0.18 

44.7 

2.2 

79.7 

18.1 

0.52 

84.4 

1.1 

19.1 

75.1 

22.1 

933 

D. stocksii 

46.2 

6.0 

0.32 

0.07 

44.3 

3.0 

79.4 

17.6 

0.78 

74.8 

1.0 

18.7 

73.5 

25.1 

1399 

B. bambos 

46.7 

5.9 

0.15 

0.03 

45.8 

1.4 

80.8 

17.8 

0.61 

47.6 

0.9 

19.2 

74.7 

24.2 

1827 

B. balcooa 

48.7 

5.6 

0.51 

0.13 

43.4 

1.7 

77.2 

21.1 

0.63 

58.3 

0.9 

19.6 

74.2 

24.5 

2120 

E. hybrid** 

46.8 

5.9 

0.16 

0.06 

44.7 

0.4 

79.3 

20.4 

0.73 

ND 

ND 

20.2 

70.1 

28.3 

ND 


Notes: VMC is volatile matter content; FCC is fixed carbon content; BD is basic density; MC is moisture content; GD is green density; CV is calorific value; FVI 
is fuel value index; ND is not determined; * Calculated by difference method; ** Values taken from (Kumar et al. 2010), except holocellulose and lignin. C, O, H, 
N and S are the main chemical elements in biomass. 


Calorific value and fuel value index 

The calorific values of D. strictus, D. brandisii, D. stocksii, B. 
bambos and B. balcooa were 18.8, 19.1, 18.7, 19.2 and 19.6 
MJ-kg" 1 , respectively (Table 1). Higher calorific value of B. bal¬ 
cooa (19.6 MJ-kg' 1 ) may be due its high fixed carbon content 
(21.1 %). Low fixed carbon (17.6 %) and high ash percentage 
(3.0%) in D. strictus may be the reason for its lower calorific 
value of 18.8 MJ-kg' 1 . Compared to bamboo species, the calorific 
value of E. hybrid (20.2 MJ-kg' 1 ) was marginally higher, possi¬ 
bly due to high lignin content (28%), high fixed carbon content 
(20%) and very low ash (0.4%) in wood as compared to bamboo 


(Table 1). The high lignin content contributes to the high heating 
value of biomass. The holocellulose (cellulose and hemicellulose) 
is reported to have high heating value of 18.6 MJ-kg' 1 , whereas, 
lignin has heating value of 23.3 to 25.6 MJ-kg' 1 (Demirbas 2001). 
Fuel value index (FVI) is an important characteristic for screen¬ 
ing desirable fuelwood species (Moya and Tenorio 2013). FVI 
varied widely in bamboo species (Table 1). B. balcooa recorded 
the highest FVI (2120), followed by B. bambos (1827), D. stock¬ 
sii (1399), D. brandisii (933) and D. strictus (586). High calo¬ 
rific value and low ash content in B. balcooa and B. bambos 
explain the high FVI of these species. D. strictus had the lowest 
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FVI (586), possibly due to high ash and moisture content, and 
comparatively low density. 

Proximate analysis and ultimate analysis 

The volatile matter contents of D. strictus, D. brandisii, D. 
stocksii, B. bambos and B. balcooa were 79.7%, 79.7%, 79.4%, 
80.8% and 77.2%, respectively (Table 1). The fixed carbon in 
bamboo species ranged from 17.6% to 21.1%. The fixed carbon 
content in B. balcooa was fairly higher (21.1 %) and even higher 
than wood biomass (Table 1). This may be due to presence of 
little volatile matter (77.2%) and ash content (1.7%) in B. bal¬ 
cooa. The fixed carbon content of E. hybrid wood sample was 


20.2%. With higher fixed carbon content and relatively lower ash 
content, B. balcooa is better suited for thermochemical energy 
conversions processes. 

Proximate analysis results showed wide variation in ash con¬ 
tent of bamboo species (Table 1). The ash contents of D. strictus, 
D. brandisii, D. stocksii, B. bambos and B. balcooa were 3.0%, 
2.2%, 3.0%, 1.4% and 1.7%, respectively (Table 1). Lower ash 
content (0.4%) was observed in E. hybrid wood (Table 1). The 
higher ash content in bamboo biomass can be attributed to pres¬ 
ence of higher silica content in bamboo as compared to wood 
(Table 2). High ash content negatively affects the heating value 
of material. 


Table 2: Composition of ash forming minerals in D. strictus, D. brandisii, D. stocksii, B. bambos, B. balcooa and E .hybrid (%) 


Name of species 

Na 2 0 

MgO 

Si 0 2 

P2O5 

SO3 

k 2 o 

CaO 

Fe 2 03 

Cl 

NiO 

MnO 

D. strictus 

* 

4.6 

37.6 

8.5 

4.9 

37.7 

1.1 

* 

5.7 

* 

* 

D. brandisii 

* 

2.9 

8.7 

7.7 

4.1 

69.8 

* 

* 

6.7 

* 

* 

D. stocksii 

* 

8.1 

49.0 

7.3 

5.0 

24.1 

4.5 

* 

1.3 

0.7 

* 

B. bambos 

0.8 

6.6 

36.8 

2.5 

5.7 

40.7 

4.7 

0.9 

1.4 

* 

* 

B. balcooa 

1.3 

9.0 

41.5 

15.3 

8.6 

20.6 

3.1 

0.6 

0.1 

* 

* 

E .hybrid 

6.2 

6.9 

0.8 

6.6 

5.5 

34.6 

37.5 

* 

1.4 

* 

0.4 


Note: * Not found. 

The main chemical elements in biomass (apart from associated 
mineral matter) are C, O, H, N and S. The results of elemental 
analysis showed little variation in the elemental composition of 
bamboo species (Table 1). In a biomass fuel, a higher proportion 
carbon-carbon bonds is more desirable, whereas, higher propor¬ 
tion of carbon-oxygen and carbon-hydrogen bonds reduces en¬ 
ergy value (Peter 2002b). The H/C and O/C ratios obtained from 
elemental analysis of bamboos were calculated and compared 
with E. hybrid wood. B. balcooa had an H/C ratio of around 0.11. 
The remaining bamboo species had similar H/C ratios in the 
range of 0.13. The O/C ratios recorded for D. strictus, D. bran¬ 
disii, D. stocksii, B. bambos, B. balcooa and E. hybrid were 0.94, 
0.95, 0.96, 0.98, 0.89 and 0.95, respectively. The lower percent¬ 
age of nitrogen and sulfur is important from the environmental 
point of view. 

Ash forming elements in different bamboo species 

The principal ash-forming constituents in bamboo are silica 
(Si0 2 ) and potassium (K 2 0). It also contains chlorine (Cl), cal¬ 
cium (CaO), magnesium (MgO), etc. The bamboo species in 
general contained higher concentrations of silica than did wood 
biomass (Table 2). Among the bamboo species, silica content 
was lowest in D. brandisii (8.7%) and highest in D. stocksii 
(49.0%). Higher amounts of chlorine were found in D. brandisii 
(6.7%) and D. strictus (5.7%). B. balcooa had low chlorine con¬ 
tent (0.1%), whereas chlorine concentrations in D. stocksii (1.3 
%) and B. bambos (1.4%) were comparable with that in E. hybrid 
(1.4 %). The higher percentage of chlorine is not desirable in fuel 
ash as it facilitates salt deposition and also causes corrosive ef¬ 
fects on metal surfaces of boilers and furnaces. Potassium (K 2 0) 
is the dominant source of alkali in both bamboo and wood bio- 
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mass fuels. The potassium concentration in bamboo species 
ranged from 21% to 70%. Highest concentration of potassium 
was found in D. brandisii and lowest in B. balcooa. E. hybrid 
contained more calcium (37.5%) than bamboo. During combus¬ 
tion, calcium and magnesium usually help in increasing the 
melting point of the ash, while the potassium and sodium are 
responsible for decreasing the ash melting point (Ohman and 
Nordin 2000). Biomass containing more calcium is preferred to 
biomass having more alkali metal. 

The adverse effects of the alkali and chlorine present in bam¬ 
boo feedstock can be mitigated. Fouling can be reduced by 
extracting the inorganic constituents of the biomass feedstock by 
leaching. Large amount of alkali metals and chlorine can be ex¬ 
tracted from the biomass by leaching with water (Ohman and 
Nordin 2000; Davidsson et al. 2002). The use of mineral addi¬ 
tives, such as kaolin, dolomite, calcite, bauxite, emalthite, gibbs- 
ite, mullite and oxides of calcium, magnesium, aluminum and 
iron has also been found effective in alkali sorption or for ob¬ 
structing reactions with troublesome elements which lead to 
eutectic mixtures (Davidsson et al. 2002). 

Combustion characteristics of bamboo feedstock 

The burning profiles of the biomass from D. strictus, D. 
brandisii, D. stocksii, B. bambos, B. balcooa and E. hybrid are 
given in Table 3 and Fig. 1. 

Three major steps of decomposition were observed for all 
biomass samples under oxidative atmosphere. The initial weight 
loss between temperatures 40-80 °C was mainly due to the 
removal of moisture (Fig. 1). The extent of weight loss in this 
zone was found to be 2.8%, 3.6%, 4.1%, 3.2% and 3.4% for D. 
strictus, D. brandisii, D. stocksii, B. bambos and B. balcooa, 
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respectively. When the samples were exposed to higher 
temperatures (around 180-370 °C), sudden weight loss was 
observed, mainly due to release of volatiles and their combustion, 
as described by Munir et al. (2009) and Haykiri-Acma (2003). 
This zone is called the active pyrolysis zone. Most of the weight 
loss occurred in this degradation zone; i.e. 68.5%, 66.7%, 68.4%, 
66.7% and 68.7% of the total weight loss for D. strictus, D. 
brandisii , D. stocksii , B. bambos and B. balcooa , respectively. 
The third major weight loss occurred at temperatures of 
390-490°C, mainly due to combustion of char (Table 3). This 


zone is called the passive pyrolysis zone. The extent of weight 
loss in these two combustion steps differed by species. The 
difference in the profile can be attributed to differences in the 
physical and chemical properties of biomass. The volatile 
constituents are CO, C0 2 , H 2 , H 2 0, tar and light hydrocarbons 
(Kumar et al. 1992). The weight loss in the active pyrolysis zone 
can be attributed to the evolution of the volatile compounds 
generated during decomposition of hemicellulose and cellulose. 
The weight loss in the passive pyrolysis zone is mainly due to 
lignin conversion (Garcia-Ibanez et al. 2006). 


Table 3: Characteristics of thermogravimetric experiment under oxidizing (air) conditions 


Oxidative degradation zone_Char combustion zone 


Biomass 

feed stock 

Ignition 

temperature 

(°C) 

Peak tempera¬ 
ture 

(°C) 

Maximum com¬ 
bustion rate 

(mg- min’ 1 ) 

Temperature 

range 

(°C) 

Ignition 

temperature 

(°C) 

Peak 

temperature 

(°C) 

Maximum 

combustion rate 
(mg- min' 1 ) 

Temperature 

range 

(°C) 

D. strictus 

243 

293 

0.5833 

195-360 

364 

395 

0.2091 

360-460 

D. brandisii 

233 

282 

0.5215 

195-360 

415 

433 

0.5457 

380-470 

D. stocksii 

251 

304 

0.4962 

230-355 

385 

430 

0.3324 

380-475 

B. bambos 

244 

299 

0.6067 

200-365 

373 

423 

0.2580 

370-485 

B. balcooa 

250 

316 

0.6708 

225-340 

360 

441 

0.2054 

380-480 

E. hybrid* 

244 

335 

0.3435 

200-350 

412 

471 

0.1500 

400-500 


Notes: E. tereticornis x E. camaldulensis. 



Temperature (°C) 


Fig. 1: Burning profiles of five selected bamboo species 

The maximum combustion rates of 0.5833, 0.5215, 0.4962, 
0.6067, 0.6708 and 0.3435 mg-min' 1 were found at peak 
temperatures of 293, 282, 304, 299, 316 and 335°C for D. 
strictus , D. brandisii , D. stocksii , B. bambos , B. balcooa and E. 
hybrid, respectively (Table 3). The higher peak temperature may 
be due to higher volatile matter present in biomass. The presence 
of more volatile matter in bamboo biomass promotes its 
suitability for liquid fuel production via pyrolysis (Chutia et al. 
2013). 

The combustion of char starts at higher temperature, after the 
removal of initial volatiles and their ignition (Haykiri-Acma 
2003). The char combustion zone temperature for all bamboo 
species ranged from 360 to 480°C (Fig. 1). The maximum com¬ 
bustion rates in the passive zone i.e., 0.2091, 0.5457, 0.3324, 
0.2580, 0.2054 and 0.1500 mg-min" 1 were recorded for D. stric¬ 
tus ,, D. brandisii , D. stocksii , B. bambos , B. balcooa and E. hy¬ 
brid at peak temperatures of 395, 433, 430, 423, 441 and 471, 
respectively. The highest char combustion temperature range of 


400-500°C was recorded for E. hybrid (Table 3). The difference 
in the burning profile of the char combustion zone may be due to 
differences in chemical composition of char produced during the 
process and also on the mutual interaction of the individual 
components (Munir et al. 2009). The weight loss percentage for 

D. strictus , D. brandisii , D. stocksii , B. bambos , B. balcooa and 

E. hybrid at 800 °C was 97.8%, 97.9%, 97.6%, 98.5%, 97.8% 
and 98.0%, respectively. 

B. balcooa stands out as suitable feedstock compared to other 
bamboo species based on its high basic density (0.63 g-cm' 3 ), 
low ash content (1.7%), high fixed carbon content (21.1%) and 
high calorific value (19.6 MJ-kg" 1 ). Low concentrations of potas¬ 
sium (20.6%) and chlorine (0.1%) in B. balcooa ash give added 
advantage to this species. 

Conclusion 

The five bamboo species, viz. D. strictus , D. brandisii , D. stock¬ 
sii , B. bambos and B. balcooa differed in physical and chemical 
properties. The calorific value of bamboo was comparable to that 
of E. hybrid (20.2 MJ-kg" 1 ). B. balcooa , B. bambos and D. stock¬ 
sii were the species with greatest energetic potential; mainly due 
to high FVI, calorific value, density and low ash content. The ash 
content of E. hybrid was lower (0.4%) than bamboo 
(1.4%-3.0%). Bamboo ash had fairly high percentages of silica 
and potassium, whereas, a high percentage of calcium was found 
in E. hybrid ash. The combustion characteristic of investigated 
biomass shows differences in their burning profile. Ignition tem¬ 
perature in active pyrolysis zone changed marginally, although 
ash, volatile and fixed carbon content varied considerably among 
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bamboo species. 
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